Abiotic stresses are the key hazard limitation to plant development and sustainable agriculture throughout the world. The investigation of stress tolerant genes by genome scale transcriptome analysis will provide opportunities for the development of stress tolerant crop varieties. Here, we report a potential stress tolerance gene HSP17.6B (AT2G29500) in Arabidopsis thaliana that can confer tolerance to Arabidopsis plants upon overexpression. HSP17.6B overexpression resulted in higher root elongation, increased plants survival rate, reduced electrolyte leakage and retention of chlorophyll contents under heat stress condition in comparison to wild-type plants. Overall, we showed AtHSP17.6B as a potential heat stress tolerance candidate in Arabidopsis thaliana.
Introduction
Owing to their sessile lifestyle, plants are continuously affected by a complex array of environmental stresses which require their rapid and proper response for adaptation and survival. Plants grown under tropical and subtropical climatic conditions are highly affected by the increase in temperature and therefore become a key preventive aspect for field crop production (Wahid et al., 2007) . Different genetic approaches can be used to develop thermo-tolerant crop plants to mitigate the adverse effects of heat stress. In this rationale it is imperative to comprehensively understand the physiological responses, different mechanisms of plants to high temperature and also the potential strategies for improving crop thermo-tolerance.
Plants have evolved several molecular mechanisms for adaptation and subsequent survival under stress conditions as revealed by stress induced transcriptomics. At molecular level the plant responses to heat stress by the expression of a diverse group of heat shock proteins, other proteins related to stress and also the reactive oxygen species (ROS) production. In totality all these mechanisms which are operated at molecular level allow the plants to flourish under high temperature stress.
The response of heat stress in a broad range of organisms has been well renowned. Increase in temperature results in the assembly of specific families of proteins recognized as heat shock proteins (HSPs) (Howarth & Ougham, 1993) . On the basis of their molecular mass, HSPs have been classified into different families, the majority of which are chaperon in function (Jaenicke & Creighton, 1993) . The major families of HSPs are HSP90s, HSP70s and small HSPs from which all organisms produce HSPs; however the plants are unique in the number of different small HSPs that they produce (Jakob & Buchner, 1994) . Majority of the studies conducted to investigate the heat stress responses in plants have focused on HSPs (Schoffl et al., 1999) . However, the possible role of heat shock proteins in stress tolerance including small heatshock proteins (smHSPs) is not fully explored.
The HSP20 proteins are actually molecular chaperones that require no ATP and usually form oligomeric protein complexes of 200-800 kDa, ranging from 9 to 50 subunits. These protein complexes prevent protein denaturation in both eukaryotic and prokaryotic cells by acting on them (Cashikar et al., 2005) . These chaperones can also assist other chaperones in helping to maintain the native conformation of nascent polypeptide chains and in reorganizing denatured proteins to their native conformation. The HSP20 proteins main characteristic is their highly conserved (80-100 amino acids) sequence referred to as the alpha crystallin domain (ACD) that is positioned in the C-terminal region of the protein. The ACD domain is further divided into two regions, N-terminal consensus I (127 amino acids) and Cterminal consensus II (29 amino acids) that is estranged by variable length hydrophobic region . In Arabidopsis 19 genes encodes Hsp20, based on their subcellular localization and homology they are grouped into 12 subfamilies (Alavilli et al., 2016) .
Arabidopsis thaliana is used globally as a model plant for basic research due to its small genome, easy to handle, short life cycle and easy to be genetically manipulated. The gene function of A. thaliana provides the fundamental source to formulate the hypotheses and to design experiments concerning other economically significant plants species. Therefore the fundamental research and practical applications require in depth perceptive of the A. thaliana genome and a comprehensive and precise understanding of the expression of its related genes. The development of innovative genetic and genomic assets and novel procedures of data attainment as well as analysis can help achieve this goal (Klepikova et al., 2016) .
Genomic sequencing provides an opportunity to discover a large number of stress related pathways and genes that can serve up as the basis for crop improvement. For instance, stress related changes in genome transcripts can be investigated by next-generation sequencing (NGS) technology coupled with high-throughput transcriptome profiling (Molina et al., 2011) . RNA-seq is more economical and high throughput compared with whole-genome sequencing, therefore it is becoming an important part of functional genome research (Alsford et al., 2011) . The detailed information about the gene expression at the mRNA level is obtained by the transcriptomic analysis and is therefore extensively used to monitor the stress responsive candidate genes.
In this study we aimed to utilize the publicly available transcriptome data of plants exposed to heat stress in order to identify potential stress tolerance gene that can be employed in plant improvement programs to enable plants combat the adverse growth conditions. We identified At-HSP17.6B gene, belonging to cytoplasmic class 17.6 kDa small heat shock protein (HSP20) family, as a potential target for heat stress tolerance in Arabidopsis thaliana.
Material and Methods
RNA-seq public datasets retrieval and analysis using tuxedo protocol: To gain insights of transcriptome wide genes expression, different publically available RNA-seq data sets (SRA 009031 and GSE72806 of Filichkin et al., (2010) and Suzuki et al., (2016) , respectively were retrieved from National Center for Biotechnology Information Gene Expression Omnibus (NCBI GEO) and European Molecular Biology Laboratory Nucleotide Archive (EMBL-ENA) in Sequence Read Archives (SRA) format and were converted to FASTQ format using SRA toolkit "NCBI SRA toolkit" for downstream analysis using Tuxedo Protocol (Trapnell et al., 2012) . RNA-seq analysis was done using "TOPHATCufflinks᾿ pipeline. Data visualization of the Differentially Expressed Genes (DEGs) was done using CummeRbund, and it also used other R packages to construct expression graphs (for single gene) and heat maps (for a group of genes) under heat, drought and salinity. Gene ontology analysis was done to determine the biological functions of the differentially expressed genes using GENECODIS (Carmona-Saez et al., 2007) . This enabled us to categorize the miss regulated genes into broad categories based on the similarities in their functions. GO-enrichment analysis was performed on the differentially expressed genes to get insights on their biological functions (Biological Processes; BP), molecular functions (Molecular Functions; MF), cellular compartment (Cellular Compartment; CC) and metabolic pathways. Common target genes of different stresses were determined using Venny2 (available at: bioinfogp.cnb.csic.es/tools/venny). Gene investigator was used to visualize the transcript level expression of HSP17.6B gene in different tissues and cell types under normal growth conditions. Plant material, growth conditions and stress treatment: For all experiments Columbia accession (Col-0) of Arabidopsis thaliana was used. Arabidopsis seeds were first sterilized by treating with 70% ethanol twice for 1 min, then seeds were sterilized using 50 % bleach/0.1% Tween 20 for 1 min and finally rinsed thrice in sterilized water. After sterilization seeds were grown on Petri dishes with 15 cm diameter containing about 20 mL of MS agar media (Murashige & Skoog, 1962) supplemented with 1.5% sucrose. All plants were grown under different environmental conditions and exposed to heat stresses according to the growth conditions mentioned in the original studies (Table 3) .
Expression analysis:
For transcript level expression of genes and validation of RNA-seq data, RNA was extracted from Arabidopsis thaliana plants using TRI Reagent® (Sigma-aldrich), and cDNA was synthesized from 2 µg total RNA using SuperscriptII reverse transcriptase (Invitrogen, Carlsbad, CA). A two-step real-time PCR reaction was performed using Light Cycler® 480 instrument. The expression was checked in three technical replicates that contained 100 ng of cDNA with two biological replicates. For confirmation of HSP17.6B mRNA level overexpression, semi quantitative PCR was used while using Ubiquitin gene as a loading control. Whereas western blot was used for protein level expression confirmation of overexpression lines. For this purpose protein was isolated from the wild-type (Col-0) and overexpression lines and western blotting was performed to check the expression level of our gene at protein level using anti-HA monoclonal antibody. Ponceau staining was used for loading equal amount of proteins.
Generation of over expression lines:
The potential multi-stress tolerance HSP 17.6B gene was amplified with gene specific primers (Supplementary Table 2 ) and cloned into a binary vector containing a 35S Cauliflower Mosaic fused Virus (CaMV) promoter. Arabidopsis thaliana plants at flowering stage were subjected to Agrobacterium mediated gene transfer procedure at primary inflorescences stage in sucrose containing growth media. The dipping of the plants inflorescences in solution was done only for 30 seconds and then enclosed in polythene bags for 24 hours for the conservancy of moisture. The dipping treatment was carried out twice within 14 days. The seeds were collected at maturity.
Measurement of physiological and biochemical indexes:
To access the functionality of HSP17.6B as a potential heat stress tolerance candidate, performance of the over-expressed transgenic lines was determined in comparison with wild-type plants. Differences in the fresh weight of wild-type and over-expressed transgenic plants was determined. Survival rate (%) was determined by subjecting both the wild-type and over-expressed transgenic lines to heat stress of 45 o C for 1 hr and then kept at room temperature followed by calculating the alive plants percentage. Relative Electrolyte Leakage (REL) was measured by conductivity detector DDS-11A (Kangyi) to determine the conductivity. Chlorophyll content of leaves was measured spectrophotometrically (U-2810, Hitachi) by the method described by Arnon, 1949 . Briefly, plant leaf samples (control and stressed) were harvested and kept for 4 weeks. Leaf samples (~ 100 mg) was homogenized in 3 ml of 80% acetone and left for 30 min in dark to extract the chlorophyll and supernatant was collected by centrifugation. Chlorophyll a and b were determined in totality using the following formula; (12.7 x A 663 -2.69 x A 646 ) x Volume / Weight = Chl a mg/g FW and (22.9 x A 646 -4.86 x A 663 ) x Volume / Weight = Chl b mg/g FW. Relative root elongation (%) was measured as the percentage of root elongation in heat stress condition normalized over control condition. 
Results
Global gene expression analysis and functional classification of genes in response to heat stress: In this study, our basic understanding of the plant acclimation to abiotic stresses was extended through whole transcriptome (RNA-Seq) analysis based on the utilization of the publicly available transcriptome data sets of plants exposed to heat stress conditions. Based on our RNA seq analysis SRA009031 (Filichkin et al., 2010) and GSE72806 (Suzuki et al., 2016) a large number of genes were differentially expressed under heat stress condition. Further, to determine their functions, all the DEGs genes in response to heat stress in the selected data sets were combined for the GO (Gene ontology) analysis. The highly enriched GO terms at biological process (BP) were "translation activity" and "response to salt stress" in case of up-regulated genes. While "biosynthesis of secondary metabolites", "plant pathogen interaction" and "starch and sucrose metabolism" were highly enriched GO terms with down-regulated genes. In case of molecular function (MF), the highly enriched GO terms were "protein binding", "DNA binding" and "catalytic activity". Whereas, the cellular compartment (CC) gene ontology analyses showed "cytosol", "chloroplast" and "plasma membrane" as the highly enriched compartments with DEGs (Differentially Expressed Genes) under heat stress condition. Additionally, DEGs induced by heat stress were enriched in "biosynthesis of secondary metabolites" followed by "ribosome" (Fig. 6 ).
Short-listing of heat stress responsive genes: All the upregulated genes from the selected data sets were used as an input for the construction of Venn diagram using Venny2 (available at: bioinfogp.cnb.csic.es/tools/venny). A total of six hundred and eighty two genes were commonly upregulated in response to heat stress (Fig. 1A) . Further, a total of 12 genes were short-listed based on highest fold change and lowest q value (Table 1) . These genes included HSP17. 6B, HOP3, HSP22.0, HSP90-1, HSP17.8, MED37C, HSP70-8, FKBP65, AT2G20560, HSP18 .1, SR45A and TIN1. We then calculated the transcript abundance for all shortlisted genes in response to drought, heat and salt stresses using the selected RNA-seq datasets, SRA009031 (Filichkin et al., 2010) and GSE72806 (Suzuki et al., 2016) . Our analysis showed all shortlisted genes to be highly induced under heat stress compared to other abiotic stresses (Table 1) . As the HSP17.6B (AT2G29500) showed highest expression amongst all shortlisted genes (Fig. 1B , Table 1 ) and not much is known about its functions, therefore, we proceeded with HSP17.6B for further experiments.
Expression pattern of HSP 17.6B: To assess the expression patterns of HSP17.6B in different cell and tissue types, Gene investigator (https://genevestigator.com/gv/) was used to investigate the mRNA expression levels of HSP17.6B in public database derived from different tissues (Fig. 1E) . The highest level of HSP17.6B mRNA expression was found in the "sperm cells", "guard cells protoplast" followed by "leaf protoplast" and "root phloem pole pericycle protoplast", this suggests the possible role of HSP17.6B in tissue types and organelles.
To validate the mRNA expression of HSP17.6B under different abiotic stresses, quantitative PCR analyses were performed on the seedling grown under drought (25% PEG, Three-wk-old), heat (43 o C for 1hr, Three-wk-old) and salt (200 mM NaCl for 2hrs, two week-old)) stresses as previously mentioned in their respective publications (Filichkin et al., 2010 and Suzuki et al., 2016) . The RNAseq analysis showed a dramatic induction in the transcript levels of HSP17.6B under heat stress as compared to other abiotic stresses (Fig. 1C) . This was further validated by our qPCR results for HSP17.6B transcript expression as it showed consistent patterns with the RNA-seq results (Fig.  1D) . mRNA levels of HSP17.6B were up-regulated by ~180 folds under heat stress (Fig. 1D) , about 10 folds in salt stress (Fig. 1D) , while the mRNA levels were increased by ~8 folds in the drought stress (Fig. 1D) . Consistency in the expression pattern of qPCR and RNAseq data highlights the reliability of RNA-Seq data. Cloning of HSP 17.6B: For generation of overexpression lines, the potential heat tolerance gene HSP17.6B gene was fused with 3X-HA tag and cloned into pCHF3 vector, harboring a CaMV 35S promoter using specific primers (Table 3 ). The HSP17.6B over-expressed transgenic lines were confirmed by RT-PCR at transcript level as the expression was significantly higher than wild-type plants (Fig. 7A) . To confirm if the introduced HSP17.6B transcripts are translated into proteins, the protein level expression was measured through western blot. We were able to detect the recombinant protein in the over-expressed lines only using anti-HA monoclonal antibody (Fig. 7B ).
Phenotypic and physiological response of the overexpressed transgenic lines with HSP17.6B gene: The over-expressed transgenic lines were first observed for their fresh weight under normal growth conditions. However, we did not observed any significant differences in the fresh weight of over-expressed transgenic lines and wild-type control plants (Fig. 8) . As reduced root length is one of the effects of heat stress on plants (Wahid et al., 2007) , relative root lengths were recorded for the HSP17.6B overexpression transgenic lines compared to wild-type control plants. Significantly higher root lengths were observed under heat stress condition as compared to the wild-type plants (Fig. 2) . Heat stresses are often lethal to the plants and hence wild-type plants often show low survival rates. To know if the HSP17.6B overexpression can rescue the low survival rates, survival rates were recorded for both the overexpression transgenic lines and wild-type plants after exposure to a heat stress of 45°C for 1 hour. Our results showed that the overexpression lines showed a two-fold higher survival rate of ~40 % compared to wild-types plants with a survival rate of around 20% (Fig. 3) .
Different biotic and abiotic stresses affect various aspects of plant physiology and cellular structures, one of the common phenomenon associated with these stresses is the electrolyte leakage (Demidchik et al., 2014) . Like other stresses, heat stress also induces electrolyte leakage in plants, often resulting in cell death (Liu & Huang, 2000) . In order to determine if the overexpression lines are resistant to the lethal level of electrolyte leakage, we measured the electrolyte leakage under heat stress (45 o C for 1 hr) for both overexpression lines and wild-type plants. Under heat stress, significantly lower relative electrolyte leakage was recorded for the overexpression transgenic lines than the wild-type plants. Precisely, about two folds reduced leakage was found in the overexpression lines as compared to the wild-type plants (Fig. 4) whereas, under control conditions, all of the genotypes showed almost equal relative electrolyte leakage. Chlorophylls are essential components of the photosynthetic apparatus of plants, the power generation machinery. Heat stress induces degradation of chlorophyll in the leaf tissues causing leaf senescence (Jespersen et al., 2016) . To assess the effect of HSP17.6B overexpression on chlorophyll content, we measured the chlorophyll content in overexpression and wild-type plants under heat stress and control conditions. Significantly higher chlorophyll content were observed in the overexpression transgenic lines as compared to the wild-type plants, precisely, ~2.2 fold higher chlorophyll contents were recorded for overexpression lines (Fig. 5) , whereas, both overexpression and wild-type plants showed similar chlorophyll content under control conditions (without heat stress) (Fig. 5) . Taken together, our findings suggests that the overexpression of HSP17.6B makes the plant more tolerant to heat stress by improving different physiological parameters of the plants i.e., by reducing the negative effect of heat on plant roots elongation, enabling plants to absorb more water and combat heat by the cooling effect of transpiration, secondly by preventing electrolyte leakage from plant cells and retention of comparatively higher chlorophyll contents.
Discussion
Being sessile in nature the plants are continuously exposed to diverse environmental stresses. Extensive research in model plants and crops has aimed to understand the plant responses to a range of biotic and abiotic stresses, as these stresses reduce harvest yields (Hirayama & Shinozaki, 2010) . In response to abiotic stresses, hundreds of plant genes are differentially regulated as demonstrated by RNA-seq analyses. In this study, our basic understanding of the plant acclimation to abiotic stresses was extended through whole transcriptome (RNA-Seq) analysis based on the utilization of the publicly available transcriptome data sets of plants exposed to heat stress conditions. Based on our RNA seq analysis of Filichkin et al., (2010) , we detected a total of 12,606 DEGs (Differentially Expressed Genes) under heat stress, of which 7145 genes were up-regulated while 5461 were down regulated. In the data sets of Suzuki et al., (2016) , 7543 DEGs were detected in totality, out of which 4092 genes were up regulated and 3451 genes were down regulated. The functional annotation of the differentially expressed genes (DEGs) performed by GO analysis (GENECODIS) categorized these genes into Biological functions (Biological Processes; BP), Molecular functions (Molecular Functions; MF), Cellular compartment (Cellular Compartment; CC) and Pathways effected based on their functions.
The genes up-regulated under heat stress were involved in different biological processes. Overall, the expression analyses suggest that upon exposure to heat stress, the plants increases the expression of genes related to translation machinery for the rapid expression of stresstolerance genes. Additionally, the heat stress induces expression of genes that are normally up-regulated in salt stress response underlying the common mechanisms for stress responsiveness to heat and salt. A similar interstresses-connection among abiotic stresses like salinity, drought, intense temperatures and oxidative stress has been reported earlier by Wang et al., (2003) . Further heat stress up-regulated the genes expression involved in oxidative stress and protein folding which is consistent with the findings of Liu and Howel (2010) who stated that the plants earliest metabolic response upon exposure to abiotic stresses was the increase in protein folding and processing. Rasul et al., (2017) also highlighted similar phenomenon that under stress condition the plants alter their physiological and biochemical pathways to ensure their survival. For example salt stress induces different pathways that are intended to detoxify the ROS to maintain the ionhomeostasis. Similarly the induction of metabolic pathways takes place during heat stress and the plant thermotolerance is governed by the heat shock proteins. The expression analysis for the down regulated genes suggests that upon exposure to eminent level of thermal stress the production of secondary metabolites is highly affected as reported previously by Sacharay et al., (2002) who stated that the concentration of anthocynines (a secondary metabolite) are decreased in buds and fruits at elevated temperature. High temperature stress causes the negative regulation of genes concerned in sucrose to starch conversion. These are transporter genes such as HvSUT1 and HvSTP3, the mechanism suggests that stress causes the repression of phloem unloading of sugars (Mangelsena et al., 2011) . Same findings were also reported by Zemanek and Frecer (1990) who stated that during heat stress the accumulation of sucrose decreases significantly in winter wheat (Triticum astivum L.). Similarly the concentration of starch was recorded to be significantly reduced in heatstressed leaves of potato (Lafta & Lorenzen, 1995) and Indian mustard (Subrahmanyam & Rathore, 1995) . Further, the analysis suggested that as the temperature increases plants photosynthetic capacity is also largely effected and so carbohydrate metabolism as reported previously by Huang et al., (1998); Prange et al., (1990) and Wolf et al., (1991) , who stated that high temperature causes the reduction in carbohydrate accumulation that may result from the imbalance between respiration and photosynthesis. Different molecular processes were enriched with up-regulated genes under heat stress. Over all, the analysis suggests that when Arabidopsis is exposed to heat stress it responds by up regulation of genes for protein binding, DNA binding and nucleic acid binding suggesting that binding activity operate predominantly at transcript level (Liu & Howel, 2010; Tang et al., 2013) . This might be the fact that the accumulation of heat shock protein that are governed by heat shock factors with DNA binding domains might be the important machinery in the transduction pathway between elevated temperature stress and gene expression (Nover et al., 2001) for increased thermo-tolerance. The expression analysis of down regulated genes under heat stress suggests that heat stress affects the genes expression concerned in transcriptional regulation and other metabolic processes. A number of different cellular components were enriched with the upregulated genes under heat stress. In our study we found that cytosol, chloroplast and nucleus were the highly enriched GO terms. Liu et al., (2015) proposed the chloroplasts as heat sensors, because the retrograde signals are generated by the protein translation capacity of chloroplast for the activation of HsfA2-dependent heatresponsive genes in the nucleus. Similarly the temperature variation is perceived by the plasma membrane and then the signal is transduced into the nucleus as a result transcriptome is transformed (Saidi et al., 2009; Conde et al., 2011) . Over all, the GO terms for the down regulated genes suggests that heat stress negatively affect different cellular structures and membranes, which is consistent with the findings of (Ruelland & Zachowski, 2010) who stated that the stability of proteins, several membranes, RNA structures and cytoskeleton are differently effected by heat stress. The change in photosynthesis is related to the major modifications that occur at the sub-cellular level in the chloroplasts. For instance elevated temperature results in the decrease rate of photosynthesis by altering the structural organization of thylakoid membrane (Karim et al., 1997) . A large number of pathways were enriched with up-regulated genes under heat stress. The GO analysis showed that the production of secondary metabolites occur during heat stress, which is consistent with the previous findings that there is an increase in the biosynthesis of phenolics and reduction in their oxidation under heat stress, which is considered to provide heat stress tolerance such as in watermelon (Rivero et al., 2001) . Heat stress also causes the alteration in hormonal homeostasis, content, biosynthesis, stability and compartmentalization (Maestri et al., 2002) . Our analysis showed that the protein processing in endoplasmic reticulum is highly enriched with upregulated genes. As plants expresses stress proteins to adapt and cope with environmental stresses. Similar results have been reported that plants increase the production of HSPs when rapid or steady increase in temperature occur (Nakamoto & Hiyama, 1999; Schoffl et al., 1999) . Over all the expression analysis of down regulated genes under heat stress suggests that the production of secondary metabolites decreases after thermal treatment as previously reported by Morison & Lawlor (1999) who stated the level of β-carotene decreased when heat stress was applied in Brassicaceae. Heat stress down regulated the genes involved in plant pathogen interaction which means that abiotic stresses cause the robust modulation of plants tolerance or susceptibility toward pathogen. This is done by different mechanisms in plants to respond to various biotic and abiotic stresses that direct plant pathogen interactions (Pandey et al., 2015) . Our analysis showed that thermal stress causes the down regulation of pathways related to amino sugar and nucleotide sugar metabolism, which is consistent with the previous findings that heat stress negatively affects carbon metabolism as well as the levels of specific sugars (Pandey et al., 2015) . The RNA-seq predicted expression of the selected genes was confirmed by qRT-PCR which showed that the results of both are significantly comparable to each other, and RNA-Seq results are reliable and can be used for further analysis.
The selected multi-stress tolerant gene was overexpressed in Arabidopsis thaliana, and its expression pattern was confirmed at transcript and protein level (Fig.  7) . The overexpression transgenic Arabidopsis lines with HSP 17.6B functional attributes were studied to confirm their role in stress condition. Significant differences in the HSP17.6B overexpression transgenic lines and wild-type plants were observed under heat stress. Under normal growth condition fresh weight (mg/plant) was determined in which the overexpression transgenic lines showed wildtype like phenotype. Significant differences were noted for the root lengths among the wild-type and over-expressed transgenic lines when 4 days seedlings were exposed to heat stress (45 0 C for 1 hr). The overexpression transgenic lines maintained to grow even in heat stress condition as compared to the wild-type plants suggesting that they are more tolerant to heat stress. The survival rate (%) of both the overexpression transgenic lines (OX-L1 & OX-L2) was significantly higher, 45% and 40% respectively, than the wild-type plants which showed only (20%) survival rate under heat stress condition. Significantly increased survival rate in overexpression lines means they are more tolerant to heat stress. It has been documented that high temperature causes the alteration of the physical state of the membrane which lead to fluidization and its breakdown (Los & Murata, 2004) . As a result of this disruption the plasma membrane"s boundary perturbs and ultimately results in the amplified permeability and ion leakage, which can be calculated readily by the efflux of electrolytes (Wahid et al., 2007) . Comparatively lower relative electrolyte leakage was determined for all of the overexpression transgenic lines in comparison with control (Col-0) plants grown under heat stress. This suggests that overexpression lines are significantly more tolerant to heat stress and are capable of stabilizing their cell membrane and hence lower electrolyte leakage under stress condition as compared to control plants. High temperature stress causes a decrease in chlorophyll content (Kozowska, 2007) . Significantly higher chlorophyll content was recorded for the over expressed transgenic Arabidopsis plants grown under heat stress condition as compared to wild-type plants suggesting they are more tolerant to heat stress as they are able to stabilize higher chlorophyll content under stress condition. Taken together, our findings suggests that the overexpression of HSP17.6B makes the plant more tolerant to heat stress by improving different physiological parameters of the plants i.e. by reducing the negative effect of heat on plant roots elongation, enabling plants to absorb more water and combat heat by the cooling effect of transpiration, secondly by preventing electrolyte leakage from plant cells and retention of comparatively higher chlorophyll contents.
Conclusions and Recommendations
As small heat shock proteins have a molecular chaperone activity which could account for a protective effect at high temperature, HSP17.6B was over-expressed in Arabidopsis thaliana to study the effect of heat stress on the transgenic plants. HSP17.6B (AT2G29500) overexpression increased tolerance to heat stress as confirmed by the survival rate, relative root elongation and chlorophyll content of the overexpression lines as compared to wild-type plants under heat stress conditions. Manipulating the orthologues of this gene in economical important crops can be helpful to ensure the global food security in context of global warming. It is recommended to determine the molecular chaperone activity of HSP17.6B and the influence of HSP17.6B overexpression on signalling pathways (abscisic acid, salicylic acid and ethylene) and reactive oxygen metabolism (catalase, ascorbic acid or glutathione production).
